The essential oil composition of needle and stem oils of Abies pindrow (Royle ex D.Don) Royle, commonly known as Pindrow or West Himalayan Fir, were analyzed by gas chromatography with flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS). Fifty-six constituents, accounting for 96.0% of needle and 83.5% of stem oil composition, were identified. The oils were characterized by a high content of monoterpenoids (68.9%-79.9%), mainly comprised by limonene (21.0%-34.4%), camphene (0.5%-19.9%), α-pinene (13.8%-16.8%), myrcene (6.7%-8.3%) and β-pinene (6.5%-8.6%). Monoterpene hydrocarbons were predominant in both oils, but the quantitative and qualitative composition of the volatile constituents was specific for each part of the tree; and considerable variations in their terpenoid production pattern were also noticed. Results were compared with earlier reported fir species from different geographic regions.
The genus Abies is an important genus of the Pinaceae family and is represented by more than 50 species, mainly distributed in northern temperate regions of Asia, Europe, North and Middle America, and North Africa [1] . A. pindrow (Royle ex D.Don) Royle, commonly known as Pindrow or West Himalayan Fir/Indian silver fir, is a native to the western Himalaya, from northeast Afghanistan, east through northern Pakistan and India to central Nepal. It grows at an altitude of 2,400-3,700 m. It is a large evergreen tree growing up to 40-60 m [2] . Traditionally, the leaves of A. pindrow are used as an ayurvedic remedy for fever, and hypoglycemic, respiratory and inflammatory conditions. Various extracts of the leaves of A. pindrow have demonstrated anti-inflammatory, analgesic, antiulcerogenic, antibacterial, antifungal, anxiolytic, anti-tumor, antitussive anti-inflammatory, bronchoprotective, ant-stress and hypotensive activities [2, 3] . Earlier studies reported various terpenoids (diterpenoids, triterpenoids, monoterpenoids and sesquiterpenoids), flavanoids, lignans, phenols and steroids in various Abies species from different geographical and ecological conditions [4] . Moreover, various extracts and these reported chemical constituents of Abies species were shown to be accountable for the reported diverse biological activities of this genus. Terpenoid composition of the essential oils in the genus Abies varies greatly both within and between species. However, these oils are generally characterized by a high proportion of monoterpenoids; mainly dominated by α-pinene, β-pinene, δ-3carene, limonene, β-phellandrene, myrcene, camphene, and bornyl acetate [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Leaves of A. pindrow were reported to possess biflavonoids, flavonoids, triterpenes, lactone-pindrolactone, maltol, and fatty acids. Glucopyranoside, hydroxy-flavanone and a chalcone glycoside have also been reported from ethanol extracts of the dried stem of A. pindrow [2, 3, 15] . Most studies on A. pindrow were focused on non-volatile constituents of the needles and stems; however, no detailed analysis of the essential oil composition of A. pindrow has been reported. Therefore, as a part of our studies on the aromatic flora of Uttarakhand, India, the present investigations were planned to characterize the volatile constituent of the needles and stem essential oil of A. pindrow from western Himalaya.
The essential oil was extracted from the needles and stems of A. pindrow by distillation. The hydrodistilled essential oil of pindrow fir has a characteristic pleasant resinous (pinaceous) scent with a pleasant lemon note. Yield of essential oils was 0.4% from leaves and 0.2% from stem on a fresh weight basis (v/w). The essential oil compositions of needle and stem oils were analyzed by gas chromatography with flame ionization detection (GC-FID) and gas chromatography-mass spectrometry (GC-MS). Analysis of the essential oils revealed fifty-six constituents comprising 96.0% of needle and 83.5% of stem oil compositions. Qualitative and quantitative compositions of the needle and stem oils of A. pindrow are summarized in Table 1 in order of elution of the volatile constituents from a DB-5 (30 m × 0.25 mm) column under programmed conditions. Results show that the essential oils of pindrow fir needle and stem oils contained 73.5%, 66.3% monoterpene hydrocarbons, 6.4%, 2.6% oxygenated monoterpenes, 4.7%, 4.6% sesquiterpene hydrocarbons, and 11.5%, 2.5% oxygenated sesquiterpenes, respectively. The needle essential oil was characterized by a high content of monoterpenoids (79.9%), mainly comprised by monoterpene hydrocarbons viz. limonene (21.0%), camphene (19.9%), α-pinene (16.8%), myrcene (6.7%) and β-pinene (6.5%). Bornyl acetate (2.5%), borneol (0.9%), αterpineol (0.6%), myrtenol (0.5%) and terpinen-4-ol (0.4%) were the major oxygenated monoterpenes. The major constituents of the sesquiterpenoid fraction of the needle oil were selin-11-en-4α-ol (5.3%), β-eudesmol (2.1%), epi-α-cadinol (1.6%), δ-cadinene (1.3%) and 10-epi-γ-eudesmol (1.0%). Moreover, the stem essential oil of A. pindrow was also dominated by monoterpenoids (68.9%), with a relatively higher content of limonene (34.4%), followed by α-pinene (13.8%), β-pinene (8.6%), myrcene (8.3%) and myrtenol (1.5%). β-Caryophyllene (2.2%), (E)-β-farnesene (2.0%) and humulene oxide-II (1.1%) were the major identified sesquiterpenoids in the stem essential oil of A. pindrow. In addition to mono-and sesquiterpenes, the stem oil also contained a significant amount (7.5%) of diterpenes, which were not found in the needle oil. Diterpenoids identified in stem oil were abienol (2.9%), 13-epi-manool (2.2%), abietatriene (1.7%), kaurene (0.5%) NPC Natural Product Communications 2014 Vol. 9 No. 8 1181 -1184 Mode of identification: RI, MS, co-injection/comparison with standards and known essential oil constituents); t, trace (<0.1%); RIExp: RI determined in DB-5 (30 m x 0.25 mm) column; RILit: Retention index from literature and abietadiene (0.2%). Although both essential oils consisted exclusively of monoterpenoids, with limonene, camphene, αpinene, myrcene and β-pinene as major constituents; but considerable qualitative and quantitative variations in their terpenoid production pattern were noticed. Sesquiterpene alcohols i.e. epi-α-cadinol, β-eudesmol, 10-epi-γ-eudesmol, 1-epi-cubenol, (E)-nerolidol present in needle oil were not noticed in stem oils. Further, some oxygenated monoterpenoids and sesquiterpene hydrocarbons noticed in the leaf oil were not present in the stem oil. Moreover diterpenoids (abienol, 13-epi-manool, abietatriene, kaurene, abietadiene) reported in the stem oil were not detected in the needle oil of A. pindrow (Table 1) .
Earlier, reports on various fir species worldwide explored the variability of their volatile constituents under different geographical and ecological conditions ( Table 2) . Results showed intricate compositions in the genus Abies, which varied greatly both within and between species The major constituents reported were mainly monoterpene hydrocarbons (namely α-pinene, β-pinene, limonene, δ-3-carene, camphene, myrcene, β-phellandrene) and oxygenated monoterpenes (bornyl acetate, pinocarveol, fenchyl acetate, sabinyl acetate, α-terpineol). In addition to these, sesquiterpenoids (βcaryophyllene, elemol, germacrene D, caryophyllene oxide, intermedeol) and a few diterpenoids also constituted a significant proportion of their oil composition [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . However, all of these oils are characterized by a high proportion of monoterpenoids and the content of their main constituents vary depending upon the plant parts, their geographical origin, and ecological conditions ( Table 2) . The essential oils of various Abies species, marketed as Abies oil, are used in all kinds of pine compositions such as room sprays, perfumes, deodorants, bath preparations and air fresheners. The oil is also employed in inhalants for the treatment of colds, and in medicinal preparations against rheumatism and similar ailments [3a,6a,13] . Similar to earlier reports on various fir species, the composition of A. pindrow (Pindrow fir), commonly distributed in western Himalaya, also contains monoterpenoids viz. limonene (21.0%-34.4%), camphene (0.5%-19.9%), α-pinene (13.8%-16.8%), β-pinene (6.5%-8.6%), myrcene (6.7%-8.3%), and bornyl acetate (2.5%) as major constituents. Therefore, it can also be explored for its possible utilization as a source of these aroma constituents and herbal product formulations. To the best of our knowledge, this is the first detailed report on the comparative composition of needle and stem essential oils of A. pindrow from India.
Experimental
Plant materials: The fresh aerial parts (needles and stems) of A. pindrow were collected from Okhalkanda (Nainital) of Uttarakhand India. Botanical authentication of the plant materials was carried out at taxonomy department of CIMAP Research Centre Pantnagar by one of the authors (Dr. Amit Chauhan). The herbarium specimen of the plant has been retained in the department.
Extraction of essential oils:
Freshly harvested samples (needle and stem, 100 g each) were hydrodistilled separately in a Clevenger apparatus for 3 h for extraction of essential oil. The oils were collected, measured, dehydrated by anhydrous sodium sulfate (Na 2 SO 4 ) and stored in amber vials in a cool and dark place prior to analysis. The extraction yield was calculated in mL of oil per 100 g of aerial parts on a fresh weight basis.
Analysis of essential oils: GC, and GC-MS analyses and identification of essential oil constituents were performed under the experimental conditions and standard methods reported earlier [16] .
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